Introduction
The ascomycete genus Tuber is an important group of fungi both ecologically and economically (Bonito et al. 2013) . It is estimated that there are around 180 Tuber species in the world (Bonito et al. 2016 ) and more than 40 are found in China. The greatest diversity of Chinese Tuber has been found in the Puberulum group (Xu 1999; He et al. 2004; Fan et al. 2011; 2012a, b, c, d; Fan & Cao 2012; Wan et al. 2016; Wang et al. 2016) Province. It is difficult to differentiate Tuber species in the Puberulum group morphologically, and thus molecular analyses provide powerful tools for separating these (Wang et al. 2007; Kinoshita et al. 2011; Bonito et al. 2010 Bonito et al. , 2013 . We have combined morphological and phylogenetic methods to describe a new Tuber taxon, T. sinoniveum, from Yunnan, southwestern China.
Materials and methods

Morphological studies
A fresh sample was collected from a forest of Pinus armandii Franch. in Yunnan, China. Gross morphology was described based on the fresh ascomata, and microscopic examination was later conducted using dry material and following the methods of Yang and Zhang (2003) . Hand-cut sections were mounted in a 5% (w/v) KOH solution and examined under a light microscope (Leica DM2500, Leica Microsystems, Wetzlar, Germany). For evaluation of the range of spore size, 40 ascospores were measured from the specimen. In the description of the ascospores, the abbreviation Q represents the range of ratio of spore length to spore width calculated for each spore, and Q m is the average of the Q values. For scanning electron microscopy (SEM), spores were scraped from the dried gleba onto double-sided tape, and this was mounted directly on an SEM stub, coated with gold-palladium, and examined and photographed using a JSM-5600LV SEM (JEOL, Tokyo, Japan). The specimen is deposited at the Herbarium of Cryptogams, Kunming Institute of Botany, Chinese Academy of Sciences (HKAS).
Molecular methods
Total DNA was extracted from pieces of dried ascomata using a modified CTAB procedure (Gardes and Bruns 1993) . The ITS region of nuclear ribosomal DNA (nrDNA) was amplified using primers ITS1F and ITS4 (White et al. 1990 , Gardes & Bruns 1993 , and the 28S large subunit (LSU) nrDNA region was amplified using the primers LROR and LR5 (Vilgalys & Hester 1990) . Polymerase chain reactions (PCR) were performed using the following procedure: 25 µL of PCR reaction solution contained 1 μL DNA, 1 μL (5 μM) of each primer, 2.5 μL 10 × buffer (Mg 2+ plus), 1 μL dNTP (1 mM), 0.5 μL BSA (0.1%), 0.5 μL MgCl 2 , 1 U of Taq DNA polymerase (TaKaRa Taq, Takara Biotechnology, Dalian, China). PCR reactions were run as follows: 94°C for 5 min, followed by 35 cycles of 94°C for 30 s, 52°C for 1 min and 72°C for 1 min, followed by a final extension at 72°C for 10 min. The PCR products were sent to Sangon Biotech Corporation (Shanghai, China) for purifying and sequencing.
Phylogenetic analyses
An ITS and an ITS-nrLSU combined dataset were used to locate the phylogenetic position of new species in this genus. Tuber magnatum Pico (AJ586307 and AJ586308) was selected as the outgroup (Figs. 1, 2) . Sequences obtained in this study were combined with those of Tuber species retrieved from GenBank (http://www.ncbi.nlm.nih.gov/) ( Table 1 ). Sequences were edited and assembled using SeqMan II (Larsson & Sundberg 2011) . Alignment was performed using the online version of the multiple sequence alignment program MAFFT v7 (Katoh & Toh 2008) , applying the L-INS-I strategy. The alignments were manually adjusted in BioEdit and ambiguous regions were excluded in Mesquite 2.5 (Maddison & Maddison 2009 ). The phylogenetic relationships of taxa were inferred using maximum likelihood (ML) and Bayesian inference (BI). The GTR+I+G model was selected as the best model for the two datasets under the Akaike Information Criterion (AIC) (Akaike 1974) implemented by MrModeltest v.2.3 (Nylander 2004) . ML and Bayesian analyses of the two datasets were performed in RAxML v.7.2.6 (Stamatakis 2006) and MrBayes v.3.1.2 (Ronquist & Huelsenbeck 2003) respectively. ML bootstrap proportions (BP) were calculated with 1000 replicates in RAxML with a rapid bootstrap analysis to search for the best-scoring ML tree. Bayesian analysis was carried out using the selected model with four chains sampled every 100 generations, and the average standard deviations of split frequencies (ASDSF) values were less than 0.01 at the end of the run. The ESS (effective sampling size) values were >200. A majority rule consensus tree was built after discarding trees from a 25% burning. Posterior probabilities (PP) were calculated using the sumt command implemented in MrBayes.
Results
Molecular phylogenetics
The ITS data matrix consisted of 68 taxa and 515 characters: 190 of ITS1 (complete), 155 of 5.8S (complete), and 170 of ITS2 (complete). The ML analysis resulted in a best tree with a likelihood of -8263.36. Bayesian analysis ran for a total of 3,000,000 generations to get convergence. ML and Bayesian analyses yielded a same tree topology and only the resulting ML tree is shown (Fig. 1) . Tuber sinoniveum clustered with the Puberulum group, and is closely related to T. sinosphaerosporum with BP of 84% and PP of 1.0. The results of DNA sequence analysis showed that T. sinoniveum and T. sinosphaerosporum share a 94.%-94.1% similarity, but differ in over 5.9% of the ITS sequence. An ITS-nrLSU combined data matrix contained 64 taxa and 1,333 characters after alignment, with 515 ITS characters and 818 LSU. The ML analysis resulted in a best tree with a likelihood of -4263.36. Bayesian analysis ran for a total of 3,000,000 generations to get convergence. ML and BI analyses based on two datasets yielded identical tree topologies, and only the tree inferred from the ML analysis is shown (Fig. 2) . Tuber sinoniveum clustered in the Puberulum group and is closely related to T. sinosphaerosporum with BP of 88% and PP of 1.0. The combined molecular data confirm the results generated from ITS analysis.
Taxonomy
Tuber sinoniveum S.P. Wan & F.Q. Yu, sp. nov. (Fig. 3 ) MycoBank:-MB818667 Type:-CHINA. Yunnan Province, Baoshan City, Shuizhai Village, 25°15′N 99°17′E, alt. 2,500 m, in the humus soil under a pure forest of P. armandii. 1 Nov. 2014, wsp234, HKAS88792. Ascomata 1.5 cm in diam., irregularly subglobose, with shallow cream furrows, firm, white to whitish when fresh, yellowish brown when dried, smooth, pubescent in furrows. Peridium 180-580 μm thick, with two layers, the outer layer 35-190 μm thick, pseudoparenchymatous, composed of large, subglobose to subangular cells of 3-28 (-30) × 2-24 (-26) μm, hyaline; the inner layer 60-490 μm thick, intricately interwoven, composed of hyaline and thin-walled hyphae, 1-8.5 μm in diam; the outmost cells developed into radial cystidia up to 107 μm long, 6.5 μm in diam, dense, multi-septate, obtuse, hyaline. Gleba solid, whitish when young, marbled with white veins, composed of hyaline, interwoven, thin-walled hyphae, 1-8 µm in diam, often with cells inflated to 3.5-18 × 3-11.5 µm. odor pleasant. Asci globose to subglobose, pyriform, ellipsoid or irregular, hyaline, sessile or with a short stalk, with a thin 1-2 μm wall, 70-120 × (64-) 66-88 µm, 2-4-spored. Ascospores subglobose to globose, hyaline when young, becoming brown at maturity, excluding their alveolate-reticulate ornamentation, in 1-spored asci (35.5-) 37.5-45. Diagnosis:-Differing from T. sinosphaerosporum in its possession of a pubescent peridium and more meshes (3-9) along the spore length.
Habit, habitat and distribution:-Hypogeous, in soil under P. armandii in Yunnan Province, China. Only known from China.
Etymology:-Referring to the white color of the ascomata. 
Discussion
Recently, quite a few new white truffle species in the Puberulum group have been described from vouchered collections in Asia (Wang et al. 2007; García-Montero et al. 2010; Kinoshita et al. 2011; Fan & Cao 2012; Fan et al. 2011; 2012 a, b, c, d; Wan et al. 2016) . Species in the Puberulum group are morphologically hard to differentiate due to their similar pale, small, pubescent or glabrous ascomata and reticulate spores. The molecular divergences among the taxa appear to be easier to detect than differences in morphology in this group.
Based on the morphology, and the phylogenetic analyses of ITS and ITS-nrLSU datasets, T. sinoniveum sp. nov. is described as belonging to the Puberulum group. Morphologically, T. sinoniveum is very similar to the unnamed Japanese species, Tuber spp. 14 and 16, and North American T. sphaerosporum Gilkey (Gilkey 1954; Kinoshita et al. 2011) . However, Japanese Tuber spp. 14 and 16 are distinguished from T. sinoniveum by their possession of fewer ascospores in their asci (only 1-3 ascospores) (Kinoshita et al. 2011) . Tuber sphaerosporum differs from T. sinoniveum in having a glabrous peridium (Gilkey 1954) . Our phylogenetic analyses also supported the separation of T. sinoniveum from the above species (Figs. 1, 2) .
Phylogenetically, T. sinoniveum sp. nov. appears to be closely related to T. sinosphaerosporum with MLBP of 84% and BIPP of 1.0. Morphologically, however, T. sinosphaerosporum is distinct from T. sinoniveum in having ascospores with fewer meshes (2-4 across), and a glabrous peridium (Fan et al. 2012a ). In addition, DNA analysis revealed a less than 94.2% similarity in the ITS sequences of the two species. Tuber shidianense, T. jinshajiangense, and T. shii group with T. sinoniveum. However, they have coloured ascomata, lower alveolate wall (<7 μm), and fewer meshes on the ascospores (3-6 meshes across) than T. sinoniveum Wan et al. 2016; Wang et al. 2016) .
